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SUMMARY

 

The aim of the study was to determine whether collagen-polyvinylpyrrolidone (collagen-PVP) modifies
some proinflammatory responses in synovium cultures from rheumatoid arthritis (RA) patients. Syn-
ovium from 10 RA patients were cultured with or without 1% collagen-PVP. Tissues on the 3rd, 5th and
7th culture day were sectioned and stained by the Herovici technique. Total collagen and type I/III col-
lagen ratios were evaluated by the Woessner micromethod and by interrupted gel electrophoresis,
respectively. Collagenolytic activity was assessed by degradation of [

 

3

 

H]-collagen in supernatants.
TIMP-1, IL-1

 

β

 

 and TNF-

 

α

 

 were determined in supernatants by ELISA, and the results were normalized
by DNA concentration. IL-1

 

β

 

, TNF-

 

α

 

, IL-6, IL-8, MMP-1, TIMP-1, Cox-1, VCAM-1, ICAM-1 and Fas/
APO95 expression was evaluated by immunohistochemistry. Apoptosis was detected by TUNEL tech-
nique. The histological analysis and electrophoresis revealed a 1·7-fold increase of type III collagen in
a time-dependent fashion in collagen-PVP-treated cultures. Proinflammatory cytokines (IL-1

 

β

 

: 58 

 

±

 

 9

 

versus

 

 22 

 

±

 

 10; TNF-

 

α

 

: 41 

 

±

 

 6 

 

versus

 

 11 

 

±

 

 3; IL-8: 59 

 

±

 

 12 

 

versus

 

 29 

 

±

 

 9; treated 

 

versus

 

 untreated),
adhesion molecule (ICAM-1: 57 

 

±

 

 11 

 

versus

 

 29 

 

±

 

 15; VCAM-1: 49 

 

±

 

 7 

 

versus

 

 21 

 

±

 

 13; treated 

 

versus

 

untreated) as well as Cox-1 (59 

 

±

 

 10 

 

versus

 

 20 

 

±

 

 3) expression was down-regulated in RA synovium
treated. Meanwhile, TIMP-1 (36 

 

±

 

 7 

 

versus

 

 57 

 

±

 

 11) and Fas expression (20 

 

±

 

 10 

 

versus

 

 55 

 

±

 

 13) and apo-
ptosis (14 

 

±

 

 3 

 

versus

 

 55 

 

±

 

 5) were up-regulated in treated cultures compared with controls. In superna-
tants, the collagenolytic activity, as well as IL-1

 

β

 

 and TNF-

 

α

 

, levels were all down-regulated in treated
cultures (two, three, fourfold, respectively). The addition of collagen-PVP to synovium-induced down-
modulation of some inflammatory parameters and an increase in apoptosis of synovial cells. Perhaps
this mechanism could contribute to inhibit outgrowth of pannus formation and to down-regulate inflam-
mation of joints in patients with RA.
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INTRODUCTION

 

Rheumatoid arthritis (RA) is an autoimmune disease of unknown
aetiology, in which affected joints exhibit inflammation, synovial
hyperplasia, fibrosis and eventually the degradation of articular
cartilage and erosion of subchondral bone [1]. Initial histological
features of RA are characterized by synovial lining hyperplasia,

excessive angiogenesis and accumulation of mononuclear cells in
the synovium. This histological picture may be associated with an
imbalance between cell proliferation and cell death [2,3]. Indeed,
it has been reported that Fas/Fas ligand (Fas L)-induced apoptotic
synovial cells seems to be incapable of eliminating cells in the pro-
liferative RA synovium [2,4,5]. Permanence of inflammatory cells
in tissue and altered activation of circulating and resident connec-
tive tissue cells becomes self-perpetuating. This can also lead to
chronic tissue destruction by the persistent release of matrix-
degrading enzymes. The latter promotes and exacerbates the
inflammatory response, as well as contributing to the invasion of
the cartilage and bone by the pannocytes. The most important
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ones in RA are collagenase-1 or matrix metalloproteinase-1
(MMP-1), stromelysin-1 (MMP-3), gelatinase B (MMP-9) and
collagenase-3 (MMP-13) [6,7]. All of them are synthesized in
response to proinflammatory cytokines such as IL-1

 

β

 

 and TNF-

 

α

 

[8,9], or in response to activation of cell adhesion molecules
(CAMs) [10–13]. The activity of MMPs is down-regulated to some
extent by tissue inhibitors of metalloproteinase (TIMPs), which
forms a stochiometric complex. Thus, connective tissue destruc-
tion in RA is due to an imbalance between the production of the
MMPs and of specific TIMPs [14].

The hypercellularity that contributes to the progressive tissue
destruction is originated by synoviocyte adhesion, migration,
proliferation and mainly by the enhanced recruitment of blood-
borne cells into inflamed joints. These processes depend upon
the expression of a number of CAMs modulated by cytokines
[15–18]. CAMs, with an altered expression in synovium from
RA patients, include members of the integrin family (

 

α

 

1

 

−

 

6

 

, 

 

α

 

v

 

, 

 

α

 

d

 

,

 

β

 

1

 

−

 

5

 

, etc.), and particularly the 

 

α

 

2

 

 integrin or leucocyte adhesion
molecules (CD11a, CD11b and CD11c) [15,16,19], as well as the
immunoglobulin gene superfamily (ICAM-1, ICAM-2, ICAM-3,
LFA-3 and VCAM-1) [17,18].

Due to abnormal immune responses observed in RA, and that
the type I collagen-polyvinylpyrrolidone or collagen-PVP has
demonstrated anti-inflammatory properties [20–22], we evaluated
the effects of the addition of collagen-PVP to synovial tissue cul-
tures from RA patients. This biodrug is made of a 

 

γ

 

-irradiated
mixture of pepsinized porcine type I collagen and PVP. This
biopolymer has been demonstrated to modulate the chronic
inflammatory process and to improve skin wound repair and bone
fractures in rats [23]. Intralesional injection of biodrug once per
week during 1–3 months in human hypertrophic scars or sclero-
derma lesions diminishes pruritus, pain, erythema, volume and
inflammatory infiltrates. It causes the tissue architecture to resem-
ble normal skin. Moreover, the biodrug modulates ECM turn-
over, mainly types I and III collagen, and down-regulates the
expression level of IL-1

 

β

 

, TNF-

 

α

 

, PDGF and VCAM-1 [20,21].
Also, our group has demonstrated that 1% collagen-PVP modi-
fies collagen turnover in synovium cultures from RA patients [22].

Based on the results that collagen-PVP down-regulates some
proinflammatory cytokines, adhesion molecules and collagen
turnover in skin fibrotic disorders associated with chronic inflam-
mation, we suspected that the biodrug could have the same effect
on inflamed synovial tissue cultures from RA patients.

 

PATIENTS AND METHODS

 

Patients

 

The synovium of 10 patients with RA was included in this study.
All of them fulfilled the American College of Rheumatology
criteria for the diagnosis of RA [24]. Nine of them were female
with a mean age of 50 

 

±

 

 17 years (mean 

 

±

 

 SD; range 33–67
years). The mean duration of their disease was 15 

 

±

 

 6 years.
Disease-modifying antirheumatic drugs and non-steroidal anti-
inflammatory drugs were prescribed to all patients before total
knee or hip replacement surgery

 

.

 

 As controls, five synovial tis-
sues from non-RA patients were obtained during fracture sur-
gery. Two of them were female, with a mean age of 40 

 

±

 

 21 years
(range 19–61 years) and analgesics and non-steroidal anti-
inflammatory drugs were prescribed to all patients before sur-
gery. All samples were obtained with informed consent from
patients and institutional approval.

 

Tissue cultures

 

All RA specimens showed a variable content of inflammatory
cells, as determined histologically. Fibrotic stage specimens were
included in the study. RA and non-RA synovial tissue was sepa-
rated from fat, bone and cartilage tissues, and was cut into small
pieces of approximately 7 mm

 

3

 

. After washing with RPMI-1640
medium (HyQ cell culture Reagents, Logan, UT, USA), 50–60
randomized explants were placed on polycarbonate membranes
(Nucleopore Costar, Cambridge, MA, USA) in sterile 24-well
plates (Costar). Five hundred 

 

µ

 

l of RPMI-1640 medium contain-
ing 10% FCS, and 100 U penicillin/0·1 mg streptomycin/0·25 

 

µ

 

g
amphotericin B/ml (Sigma Chemical Co., St Louis, MO, USA),
and with or without 1% dialysed collagen-PVP (0·6 

 

µ

 

g/ml of col-
lagen) were added to each culture well in duplicate. The rationale
for this concentration of collagen-PVP was based on previous
assays [20,22]. We analysed different concentrations of collagen-
PVP (1, 3, 5 and 10%) on the effect of CAM expression. We have
found that 1% collagen-PVP was the minimal concentration that
induced the best down-regulation effect on the CAM expression,
where 3, 5 and 10% of the biodrug had almost the same effect.
The plates were incubated at 37

 

°

 

C in a 5% CO

 

2

 

/95% air incubator
with humidified atmosphere. Culture media and tissues were
recovered on the 3rd, 5th and 7th days. Media were replaced daily
with fresh medium, with or without collagen-PVP. Each superna-
tant or tissue sample was stored at 

 

−

 

70

 

°

 

C until assayed.

 

Collagen content

 

Tissues were prepared by grinding for 1 min in a polytron homog-
enizer. Two hundred and fifty 

 

µ

 

l of the samples were hydrolysed
by adding 250 

 

µ

 

l of 12 N HCl. The samples were sealed in
small ampoules and hydrolysed for 48 h at 104

 

°

 

C. The content
was then evaporated and dissolved in 100 

 

µ

 

l of water. Five 

 

µ

 

l
were taken and diluted with 195 

 

µ

 

l of water. Hydroxyproline
oxidation was initiated by incubation during 20 min at room
temperature with 100 

 

µ

 

l of 0·05 

 

M

 

 chloramine T (Merck,
Darmstadt, Germany). It was then destroyed by incubation
during 5 min with 100 

 

µ

 

l of 3·15 

 

M

 

 perchloric acid. Finally, 100 

 

µ

 

l
of 20% p-dimethylaminobenzaldehyde solution (Sigma) were
added. Samples were placed in a 60

 

°

 

C water bath for 30 min and
then cooled. The developed colour was stable for at least 1 h. The
absorbancy to the solutions was determined spectrophotometri-
cally at 557 nm. The hydroxyproline values were determined
directly from the standard curve [25].

 

Histology

 

In this technique a mixture of picric acid, methyl blue and acid
fuchsin is used to distinguish type I from type III collagen. This
method stains type I collagen red and type III collagen blue [26].

 

Interrupted gel electrophoresis

 

Ninety 

 

µ

 

l of synovial tissue homogenates and 1 mg of pepsin in
0·5 

 

M

 

 acetic acid were incubated for 96 h at 4

 

°

 

C. Samples were
dialysed against 5 m

 

M

 

 acetic acid for 24 h and the pepsin-insoluble
material was spun down at 10 000 

 

g

 

 for 5 min. Twenty 

 

µ

 

l of sam-
ples were diluted 1 : 1 (v/v) with sample buffer and boiled for
5 min. Thirty-five 

 

µ

 

l of this solution were run on 7·5% polyacry-
lamide gels containing 0·1% SDS. Electrophoresis was performed
at 70 mA, until the front dye had entered 7 mm into the resolving
gel. The current was then switched off and wells were filled
with 5 

 

µ

 

l of 20% 

 

β

 

-mercaptoethanol (v/v). Electrophoresis was
resumed after 15 min. Gels were run for another hour [27] and
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silver-stained and the types I and III collagen bands were analy-
sed by densitometry.

 

Measurement of DNA

 

Tissue homogenates were prepared by grinding for 1 min in a
polytron homogenizer in phosphate-saline (0·05 

 

M

 

 NaPO

 

4

 

, 2·0 

 

M

 

NaCl) buffer, pH 7·4, and sonicated briefly. One hundred 

 

µ

 

l of
each homogenate were mixed with 2·8 ml of phosphate–saline
buffer and 0·1 

 

µ

 

g/ml of H33258 Hoechst reagent. A standard
curve was prepared with calf thymus DNA (Merck) within a
range of 100 ng/ml to 1 

 

µ

 

g/ml of DNA. Spectrofluorophotometric
measurements were made at 360 nm for excitation and 460 nm for
emission [28].

 

Collagenolytic activity

 

Rat N-(propionate-2,3–[

 

3

 

H])-labelled type I collagen (400 cpm)
(Amersham Life Science, Buckinghamshire, UK) were mixed
with 140 

 

µ

 

l of supernatants, in 0·050 

 

M

 

 Tris-HCl, pH 7·8, contain-
ing 5 m

 

M

 

 CaCl

 

2

 

 or 10 m

 

M

 

 EDTA. Assay mixtures were incubated
for 24 h at 35

 

°

 

C and reactions were stopped with o-phenantroline
and centrifuged. Supernatants were placed in Bray’s solution
to assess the amount of radioactivity in a liquid scintillation
counter (Beckman model LS 1801, Fullerton, CA, USA). A blank
containing water instead of culture supernatant was run with
each determination. Calcium-dependent collagenolytic activity
was calculated as the difference between total collagenolytic
activity (CaCl

 

2

 

 buffer) and calcium-independent collagenolytic
activity (EDTA buffer). Collagenase activity was expressed as
cpm/24 h/

 

µ

 

g of DNA at 35

 

°

 

C [29].

 

Measurement of TIMP-1

 

The concentration of TIMP-1 was assessed by a one-step sand-
wich enzyme immunoassay (ELISA) system (Amersham) in
diluted 1 : 5–1 : 20 supernatants. The ELISA system was capable
of measuring not only free TIMP-1, but also TIMP-1 complexed
with either proMMP-9 or the active forms of MMP-1, MMP-2,
MMP-3 and MMP-9. In this ELISA system, free TIMP-1 has the
same reactivity as complexed TIMP-1.

 

Measurement of cytokines

 

IL-1

 

β

 

 and TNF-

 

α

 

 were determined in supernatants of cultures
with an ELISA kit according to the manufacturer’s instructions
(Amersham).

 

Immunoperoxidase staining

 

The antibodies used were either mouse antihuman ICAM-1 or
VCAM-1 monoclonal IgG at 10 

 

µ

 

g/ml (Genzyme Corp., Cam-
bridge, MA, USA), goat antihuman IL-1

 

β

 

, TNF-

 

α

 

, MMP-1,
TIMP-1 or Fas monoclonal IgG at 10 

 

µ

 

g/ml (Santa Cruz, CA,
USA), rabbit antihuman IL-8, IL-6 or Cox-1 polyclonal IgG at
10 

 

µ

 

g/ml (Santa Cruz). The negative control reaction was per-
formed with a 1 : 100 dilution of normal human serum, instead of
the primary antibody. The reactive blank was incubated with
phosphate buffer saline–egg albumin (Sigma) instead of the pri-
mary antibody. Both controls exclude non-specific staining or
endogenous enzymatic activities. At least two different sections
were examined for each tissue in a double blind analysis. CAM,
MMP-1, TIMP-1, Cox-1, Fas/Apo95 and cytokine expression was
assessed by estimating positively stained cells in blood vessels and
in stromal cells along one field selected randomly. Results are

expressed as the mean 

 

±

 

 standard deviation (s.d.) of the percent-
age of immunoreactive cells [20,30].

 

Detection of DNA strand breaks in apoptotic synovial cells by 

 

in situ

 

 nick translation

 

Apoptotic cells were detected with TUNEL kit according to the
manufacturer’s instructions (Roche Diagnostics GmbH, Man-
nheim, Germany). The negative control was incubated with nucle-
otide mixture instead of the TUNEL reaction mixture. At least
two different sections were examined for each synovial tissue
in all cultures in a double blind analysis. Apoptotic cells were
assessed by estimating positively stained cells in blood vessels and
in stromal cells along one field selected randomly. Results are
expressed as the mean 

 

±

 

 s.d. of the percentage of reactive cells.

 

Statistical analysis

 

All experiments were made at least in duplicate. Statistical anal-
ysis was performed by paired Student’s 

 

t

 

-test. Data were ex-
pressed as the mean 

 

±

 

 s.d. 

 

P

 

-values smaller than or equal to 0·05
were considered significant.

 

RESULTS

 

Collagen-PVP effect on DNA and total collagen content in 
synovial tissue cultures from non-RA and RA patients

 

To evaluate whether collagen-PVP produces an effect either on
cell metabolism or cell concentration, we measured the DNA con-
tent. There were no statistically significant differences in DNA
content when treated and control cultures were compared
(Table 1). It is important to mention that DNA content in non-
RA synovium was eight to 10-fold lower than that determined in
RA synovial tissue.

In order to determine whether collagen-PVP modifies the
total collagen content, the latter was quantified in control and
treated cultures. We did not find any statistical difference in
collagen content between treated and untreated synovial tissue
cultures (data not shown).

 

Histological findings in synovial tissue cultures from non-RA 
and RA patients

 

Morphological evaluation of non-RA synovium showed unal-
tered tissue architecture on the 3rd and 7th culture days (Fig. 1a).
The addition of collagen-PVP to non-RA synovium cultures did
not modify tissue architecture, fibre collagen thickness or type I/
III collagen proportion (Fig. 1b). However, histological evalua-
tion of synovial tissue from RA control cultures showed a variable
content of inflammatory cells and fibrosis with abundant type I
collagen (red fibres in Fig. 1c) at the 3rd and 7th culture days. In
contrast, paired 1% collagen-PVP-treated cultures showed recov-
ery of type III collagen (blue fibers in Fig. 1d at the 7th culture
day).

 

Relative percentage of types I and III collagen in synovial tissue 
cultures from non-RA and RA patients

 

In order to confirm the change in the relative proportions of types
I and III collagen, duplicates of synovium homogenates at each
point of culture were evaluated by interrupted gel electrophoresis
and densitometric analysis. Under reducing conditions, the inter-
chain disulphide bonds are cleaved, releasing 

 

α

 

1

 

(III) monomers
of collagen, which migrate more slowly than 

 

α

 

1

 

(I) chains of col-
lagen. Figure 2a shows the fine band of 

 

α

 

1

 

(III) in the synovial
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tissue control cultures. Densitometric analysis showed that the
addition of collagen-PVP to non-RA synovium cultures did not
produce any modification in the relative percentage of type I or
type III collagen (Fig. 2b). However, RA synovium cultures
treated on the 7th day displayed a 1·7-fold increase in the α1(III)
band in a time-dependent fashion (P < 0·009, treated versus
untreated cultures; Fig. 2c).

Collagenolytic activity of synovial tissue from RA patients
During the progression of RA the proteolytic activity at the site of
inflammation is increased. Thus, synovia from 10 patients with

RA and five non-RA patients were examined immunohistochem-
ically in detail using specific antisera to MMP-1. The RA synovia
showed a considerably high range in MMP-1 distribution com-
pared with non-RA synovia. There was no difference between
treated versus control group (Fig. 3d,e). On the other hand, in RA
supernatants from collagen-PVP-treated cultures, levels of total
collagenolytic activity were 1·6-fold lower than those in control
cultures (P < 0·05; Fig. 3a). Calcium-dependent collagenases
(MMPs) in supernatants from synovial tissue-treated cultures
were measured by the difference between the degradation of
[3H]-collagen in a CaCl2 buffer and in an EDTA buffer (total
collagenolytic activity – calcium-independent collagenases). This

Table 1. Collagen-PVP effect on DNA in synovial tissue cultures from non-RA and RA patients

Sample (mean ± SD)*
Treatment

Culture day
–

3rd
–

5th
–

7th
+

3rd
+

5th
+

7th

Non- RA 0·50 ± 0·08 0·47 ± 0·08 0·46 ± 0·08 0·40 ± 0·07 0·51 ± 0·08 0·45 ± 0·08
RA 4·27 ± 1·20 3·92 ± 1·11 5·45 ± 1·68 4·69 ± 1·48 4·71 ± 1·64 3·84 ± 1·21

The results depict mean ± s.d. of DNA content (µg/ml) in synovial tissue cultures from five non-RA and 10 RA patients each sample performed in
quadruplicate synovial tissue homogenates. (–) without collagen-PVP; (+) with 1% collagen-PVP.

Fig. 1. Collagen-PVP effect on tissue architecture of synovium in culture. Photomicrographs of synovial tissue cultures with or without 1% collagen-PVP,
stained with the Herovici technique. (a) Non-RA synovial control cultures on the 0, 3rd and 7th culture days. (b) Non-RA synovium collagen-PVP-treated
cultures during days 3 and 7. (c) RA synovial tissue incubated without treatment during days 0, 3 and 7, respectively. The predominant extracellular matrix
component is type I collagen (fibres in red). (d) RA synovium treated with collagen-PVP during days 3 and 7, respectively. There is an increase of type
III collagen (fibres in blue). Scale bar: 100 µm.

(a) (b) (c) (d)
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Fig. 2. Collagen-PVP effect on types I and III collagen content in synovial tissue cultures. (a) SDS-PAGE of types I and III collagen of
representative RA synovial tissue cultures with (+) or without (–) collagen-PVP on the 3rd, 5th and 7th culture days, respectively. MW:
Type I collagen standard. (b) Type III collagen relative percentage in non-RA synovial tissue cultures. (c) Type III collagen relative
percentage in RA synovial tissue cultures. Statistical differences between control and collagen-PVP-treated groups were obtained on the
5th (*P = 0·009) and the 7th culture days (*P = 0·00007). Data are the mean ± s.e.m. of synovial tissue cultures from five non-RA and
10 RA patients, each performed in duplicate. , Type III collagen in control group; �, Type III collagen in collagen-PVP group.

proteolytic activity exhibited slightly lower levels in  superna-
tants from biocompound-treated cultures than untreated-ones
(Fig. 3b). Collagenase activity of proteinases that did not require
calcium for their stability (putatively elastase and/or G cathepsin)
was 2·2-fold lower compared to untreated tissue cultures
(P < 0·008; Fig. 3c).

TIMP-1 concentration in synovial tissue cultures from RA 
patients
Sections of RA synovium stained with anti-TIMP-1 showed
strong immunoreactivity in blood vessel (36·0 ± 7·4 versus
57·1 ± 11·2, untreated versus treated; P < 0·05) and stromal cells
(31·7 ± 13·9 versus 51·8 ± 15·2, untreated versus treated; P < 0·05)
in collagen-PVP-treated synovial tissue from RA patients
(Fig. 3g). Collagen-PVP has no effect on synovium from non-RA
patients (7·8 ± 1·0 versus 9·1 ± 1·2 for blood vessels and 7·1 ± 0·6
versus 6·4 ± 1·1 for stromal cells, untreated versus treated; Fig. 3f).
However, TIMP-1 levels in supernatants from control cultures
contained 1·7-fold higher levels of the glycoprotein than treated
cultures on the 7th day (P = 0·04; Fig. 3h).

Adhesion molecule expression in synovial tissue cultures from 
non-RA and RA patients
In order to establish whether ICAM-1 and VCAM-1 molecules,
inflammatory markers, were modified by collagen-PVP treat-
ment, they were detected in synovium. The ICAM-1 expression in
cultures from non-RA patients was similar between control and
collagen-PVP-treated group (11–17%; Table 2). However, in
treated cultures from RA patients, both ICAM-1 and VCAM-1
molecules showed lower levels of intensity and immunoreactivity
than control cultures (Table 2). The levels were statistically sig-
nificant for ICAM-1 on the 7th culture day in blood vessels
(57·3 ± 10·6 versus 29·2 ± 15·2, control versus treated; P = 0·03)
and stromal cells (31·0 ± 11·4 versus 18·3 ± 11·0; P = 0·04) and the

percentage of positive ICAM-1 cells from treated cultures was
similar to that determined for normal synovial tissue cultures
(Table 2) [30]. In addition, VCAM-1 expression in blood vessels
and stromal cells from treated cultures also showed a substantial
down-regulation (48·6 ± 7·0 versus 21·4 ± 13·1 for blood vessels
and 38·9 ± 11·6 versus 17·1 ± 7·7 for stromal cells, treated versus
untreated cultures at 7th culture day; P < 0·05).

Proinflammatory cytokine production by synovial tissue cultures 
from RA patients
In RA many factors are involved in synovial inflammation, where
the cytokines such as IL-1, TNF-α, IL-6 and IL-8, have emerged
as regulatory factors of particular importance. In order to
establish the effect of collagen-PVP on the expression of these
cytokines, we determined these proteins in the synovium by
immunohistochemistry. Results showed that IL-8 was expressed
at significantly higher levels in non-treated synovial tissue cul-
tures from RA patients (58·6 ± 11·7 for blood vessels and
43·1 ± 10·2 for stromal cells) than in non-RA (9·8 ± 3·0 for blood
vessels and 9·3 ± 2·4 for stromal cells) and RA-treated cultures
(29·4 ± 8·5 for blood vessels and 17·7 ± 3·8 for stromal cells;
Fig. 4a,b). Meanwhile, IL-6 did not show any difference between
RA-treated cultures and control cultures (Table 2).

Because collagenolytic activity, CAMs and TIMP-1 expres-
sion levels were down-modulated with collagen-PVP treatment,
we suspected that the production of IL-1β and TNF-α was mod-
ified. The exogenous addition of the biodrug to non-RA tissue
cultures did not produce any effect on TNF-α expression in blood
vessels (12·8 ± 1·8 versus 10·7 ± 2·3, untreated versus treated cul-
tures) nor stromal cells (10·7 ± 1·4 versus 9·6 ± 1·6, untreated ver-
sus treated; Fig. 4c). TNF-α expression was down-modulated by
collagen-PVP in tissue from RA patients at statistical significant
levels compared with non-treated cultures (42·1 ± 4·5 versus
11·2 ± 3·3 for blood vessels and 31·3 ± 4·1 versus 12·4 ± 3·7
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for stromal cells, P < 0·05; Fig. 4d). Moreover, collagen-PVP
down-regulated TNF-α protein concentration in supernatants
(406·8 ± 137·0 versus 101·6 ± 14·6 pg/ml; untreated versus treated,
P < 0·02; Fig. 4e). The same down-regulated pattern of IL-1β
expression was observed in RA tissue treated with collagen-PVP
(58·3 ± 8·5 versus 22·0 ± 9·8 for blood vessel cells and 40·8 ± 7·3
versus 25·5 ± 5·7 for stromal cells; untreated versus treated,
P < 0·05; Fig. 4f) and protein concentration in supernatants
(133·5 ± 35·3 versus 44·8 ± 6·3 pg/ml; untreated versus treated,
P < 0·03; Fig. 4g).

Effect of collagen-PVP on Cox-1 expression
Cox-1 is a constitutively enzyme that synthesized prostaglandins
pathway arachidonic acid metabolism. Prostaglandins probably
contribute to synovial inflammation by increasing local blood flow
and potentiating the effects of mediators such as bradykinin and
IL-1 that induce vasopermeability. In this vein, the immunohis-
tochemistry showed that collagen-PVP induced a negative mod-
ulation on the expression of Cox-1 in RA tissue compared with
untreated cultures (58·5 ± 10·0 versus 20·0 ± 2·5, untreated versus
treated, P < 0·05; Table 2). However, biodrug did not show effect

Fig. 3. Collagen-PVP effect on collagenase activity and TIMP-1 expression in synovial tissue cultures. (a) Total collagenolytic activity.
Data were statistically significant with *P = 0·008, *P = 0·055 and *P = 0·05 for the 3rd, 5th and 7th culture days, respectively. (b) Calcium-
dependent collagenolytic activity. (c) Calcium-independent collagenolytic activity. Collagen-PVP-treated groups were compared with
untreated cultures and the differences were statistically significant with *P = 0·008, *P = 0·006 and *P = 0·002 for the 3rd, 5th and 7th culture
days, respectively. Collagenase activity was expressed as cpm/24 h/µg of DNA at 35°C. Data are mean ± s.e.m. of synovial tissue cultures
from 10 RA patients, each performed in duplicate. (d) MMP-1 immunoreactive cells on non-RA synovial tissue. (e) MMP-1 immunoreactive
cells on RA synovial tissue. (f) TIMP-1 immunoreactive cells on non-RA synovial tissue. (g) TIMP-1 immunoreactive cells on RA synovial
tissue. Data are mean ± s.e.m. of synovial tissue cultures from five non-RA and 10 RA patients, each performed in duplicate, where of
each tissue at least two sections were evaluated. (h) TIMP-1 concentration in synovial tissue supernatant with or without collagen-PVP
treatment (*P = 0·04 on the 7th culture day). Data are the mean ± s.e.m. of synovial tissue cultures from 10 RA patients, each performed
in duplicate. �, Initial tissue; , control; �, collagen-PVP.
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on non-RA tissue (8·3 ± 2·6 versus 7·6 ± 2·0, untreated versus
treated; Table 2).

Expression of Fas/Apo95 and detection of DNA strand breaks 
in apoptotic synovial cells by in situ nick translation
It has been shown that Fas antigen is expressed on the surface of
synovial cells and mediates cell death of the Fas-expressing syn-
ovial cells when stimulated with agonistic anti-Fas. However,
defective apoptosis is associated intimately with RA, thus the
function of the Fas/FasL system seems to be incapable of elimi-
nating cells in the proliferative RA synovium. Due to this, we
examined whether Fas antigen was expressed on synovium as
well as the presence of apoptotic cells. We found that Fas/Apo95
was predominantly up-regulated on blood vessel cells from RA
synovium collagen-PVP-treated (20·2 ± 9·9 versus 55·2 ± 12·5,
untreated versus treated, P < 0·05; Table 2). When we applied the
in situ cell death detection assay for RA synovial tissues to detect
apoptotic cells, TUNEL technique showed an up-regulation
mainly in blood vessel (13·9 ± 2·9 versus 54·9 ± 4·7, untreated
versus treated) and stromal cells (14·7 ± 4·3 versus 35·6 ± 9·7,
untreated versus treated; Table 2) treated with collagen-PVP.

DISCUSSION

We evaluated the anti-inflammatory effect of polymerized type I
collagen (collagen-PVP), as well as collagen turnover in synovial
tissue from RA patients, based on previous studies that have anal-
ysed the effects of exogenous ECM proteins on in vitro T cell
responses [31,33] and in vivo on phase I and II clinical trials where
has been recognized that types I, II or III collagen are capable to
induce peripheral immune tolerance or suppression and thus
down-regulate inflammation of RA joint [34,35].

Collagen association with PVP and the cross-linking favoured
by γ-irradiation confers on it various physicochemical properties,
such as the impossibility of forming gel when it is diluted in cul-

ture medium at 37°C and neutral pH. Moreover, electropho-
retical analysis demonstrated a change in the relative mobility of
collagen-PVP when compared with the mixture without γ-
irradiation on the components alone. Also, bioassays have dem-
onstrated that the components alone do not have the same
properties than collagen-PVP, where PVP does not have any
effect, as described previously [36]. Collagen-PVP has been
shown to have immunomodulatory effects on some pathologies
associated with chronic inflammatory processes [20,22]. For this
reason, and based on a previous study of tissue from RA patients
[22], we evaluated the exogenous addition of 1% collagen-PVP
during 1 week to non-RA and rheumatoid synovium cultures. The
biodrug addition to non-RA and RA cultures did not induce any
change in DNA concentration or metabolism. However, the addi-
tion of the biodrug to RA synovial tissue cultures modified the
histological and biochemical pattern of fibrosis, without changing
the total collagen content. The biodrug induced the recovery of
type III collagen at similar levels to those detected in normal syn-
ovial tissue. Collagen-PVP diminished the accumulation of dense
and tightly packed type I collagen fibres and contributed to estab-
lish a similar tissue architecture to that observed in normal syn-
ovium. These data are relevant as matrix macromolecules are
essential for the structure and integrity of the tissues. Further-
more, ECM components regulate several important cellular
functions, including cell phenotype, differentiation, migration,
mitogenic activity, cell activation, apoptosis, the synthesis of mac-
romolecules and interstitial hydraulic resistance [36].

We also evaluated the proteolytic activity, particularly that
attributable to the collagenases. Even though calcium-dependent
collagenases decreased with biodrug treatment, the difference in
proteolytic activity levels was not statistically significant. How-
ever, the calcium-independent collagenases, probably neutrophil
elastase and/or cathepsin G, which shows enzymatic activity at
neutral pH, was diminished at statistically significant levels. It is
important to emphasize that the participation of other enzymes,

Table 2. Collagen-PVP effect on molecule expression on blood vessel cells and stromal cells from synovial tissue cultures from non-RA and RA patients†

Non-RA RA 

Culture day
Treatment

0
–

7th
–

7th
+

0
–

7th
–

7th 
+

Antibody to Cell type
ICAM-1 Blood vessel 12·0 ± 0·8 11·6 ± 0·9 13·0 ± 0·7 64·0 ± 4·8 57·3 ± 10·6 29·2 ± 15·2*

Stroma 11·0 ± 1·8 10·7 ± 1·1 10·0 ± 1·2 28·6 ± 14·0 31·0 ± 11·4 18·3 ± 11·0*
VCAM-1 Blood vessel 16·0 ± 3·5 17·0 ± 1·6 14·8 ± 0·9 53·5 ± 6·7 48·6 ± 7·0 21·4 ± 13·1*

Stroma 15·6 ± 0·2 16·0 ± 0·8 15·3 ± 1·4 36·1 ± 11·2 38·9 ± 11·6 17·1 ± 7·7*
IL-6 Blood vessel 7·9 ± 0·6 8·7 ± 1·0 8·0 ± 1·8 26·4 ± 20·2 27·4 ± 19·0 10·4 ± 6·3

Stroma 7·3 ± 1·5 8·5 ± 2·0 9·0 ± 2·7 12·2 ± 10·6 14·5 ± 9·0 6·1 ± 3·8
Cox-1 Inflammatory 8·0 ± 1·5 8·3 ± 2·6 7·6 ± 2·0 57·7 ± 17·1 58·5 ± 10·0 20·0 ± 2·5*
FAS/ Blood vessel 22·0 ± 1·5 23·4 ± 6·1 21·8 ± 3·8 20·2 ± 5·4 20·2 ± 9·9 55·2 ± 12·5*
Apo95 Stroma 15·5 ± 4·6 19·8 ± 5·2 20·0 ± 4·2 22·0 ± 5·2 26·1 ± 8·9 17·5 ± 3·7
TUNEL Blood vessel 14·9 ± 5·2 14·4 ± 3·8 16·0 ± 5·3 18·1 ± 7·74 13·9 ± 2·9 54·9 ± 4·7*

Stroma 13·5 ± 2·8 14·5 ± 3·7 14·5 ± 3·6 13·8 ± 4·8 14·7 ± 4·3 35·6 ± 9·7*

†The results depict mean ± s.d. of molecule expression (percentage of immunoreactive cells determined by immunohistochemistry) in synovial tissue
cultures from five non-RA and 10 RA patients each performed in duplicate where of each tissue at least two sections were evaluated. (–) without collagen-
PVP; (+) with 1% collagen-PVP; (ND) Not Done;  *P < 0·05; 0 versus 7th culture day.
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not only MMPs but also calcium-independent collagenolytic pro-
teases, may be important during disease progression. Thus, colla-
genase reduction probably contributes to avoid the most serious
sequels of rheumatoid synovitis, the invasion of cartilage and
bone at the chondrosynovial junction.

Moreover, TIMP-1 production by tissue cultures treated with
the biodrug increased in synovium while it diminished in super-
natants in a time-dependent manner. The latter may be due to a
down-regulation of proinflammatory cytokines [38]. In this vein,
TIMP-1 associated with tissue perhaps inhibits MMP action.

Cellular invasion and fibrosis are favoured by a direct rela-
tionship between the cell–cell and cell–matrix interactions
through CAMs. It is well known that rheumatoid synovium over-

expresses ICAM-1 and VCAM-1 [39,40]. These are dramatically
up-regulated by proinflammatory cytokines in a number of cell
types, including endothelium [41]. After treatment with collagen-
PVP both molecules were down-regulated in blood vessel and
stromal cells at similar levels to those determined in normal syn-
ovium [30]. Thus, collagen-PVP could decrease microvascular
endothelial activation, with the consequent reduction of leuco-
cyte trafficking to the synovial joint, suggesting that the anti-
inflammatory effect of the biodrug may be due partially to the
effect on endothelial and stromal CAMs.

Finally, we focused on three proinflammatory cytokines, IL-8,
TNF-α and IL-1β, as they induce the activation of Cox-1 [43], and
in consequence the increase of prostaglandin E2 production, as

Fig. 4. Effect of collagen-PVP on proinflammatory cytokine expression in synovial tissue cultures. (a) IL-8 immunoreactive cells on blood
vessels and stromal cells from non-RA patients. (b) IL-8 immunoreactive cells in synovial tissue from RA patients (*P < 0·05). (c) TNF-α
immunoreactive cells on blood vessels and stromal cells from non-RA patients. (d) TNF-α immunoreactive cells on blood vessels and
stromal cells from RA patients (*P < 0·05). Data are mean ± s.e.m. of synovial tissue cultures from five non-RA and 10 RA patients, each
performed in duplicate, where of each tissue at least two sections were evaluated. (e) TNF-α production (*P = 0·03) on the 7th day. Data
are the mean ± s.e.m. of synovial tissue cultures from 10 RA patients, each performed in duplicate. (f) IL-1β immunoreactive cells on blood
vessels and stromal cells from RA patients (*P < 0·05). Data are mean ± s.e.m. of synovial tissue cultures from five non-RA and 10 RA
patients, each performed in duplicate, where of each tissue at least two sections were evaluated. (g) IL-1β concentration in supernatants
from RA synovium cultures (*P = 0·05). Data are the mean ± s.e.m. of synovial tissue cultures from 10 RA patients, each performed in
duplicate.  �, Initial tissue; , control; �, collagen-PVP.
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well as cartilage destruction [8,44] and bone resorption. These
proinflammatory cytokines have also been related to the onset
and exacerbations of disease activity of in vitro cultures [45,46]
and of an in vivo rodent model [47,48]. Similarly, TNF-α and IL-
1β induce the production of other proinflammatory cytokines
such as GM-CSF, IL-6 and IL-8 [42,43]. Also, they increase the
MMP activity [8,44] and ELAM-1, VCAM-1 and ICAM-1 expres-
sion in capillaries and venules in synovial biopsies [15–18]. Here,
we determined that the biodrug diminished the IL-1β and TNF-α
levels detected in tissue and supernatants from RA synovium cul-
tures, thus participating in the interruption of the inflammatory
process through direct effect on cellular metabolism.

Based on these results, we suggest that collagen-PVP added to
RA synovium cultures, modulates collagen turnover, because the
biodrug decreases collagenolytic activity, as well as TIMP-1 pro-
duction, and increases the amount of type III collagen to similar
levels observed in normal synovium. The chronic inflammatory
process is altered by collagen-PVP action, as described previously
[20,21], due presumably to the down-regulation of IL-1β and
TNF-α, as both cytokines are capable of inducing the expression
and activation of collagenolytic enzymes, as well as inducing pro-
liferation and migration of synovial cells via CAMs and inducing
Cox-1 activation. Also, down-production of TNF-α and IL-1β
seems to stimulate synovial cell death via apoptosis in synovium
cultures; the latter may contribute to inhibition of the outgrowth
of synovial cells that leads eventually to hyperplasia or pannus
formation and the destruction of RA joints [49].

We infer that collagen-PVP mechanism of action might be
mediated through regulation of certain transcription factors such
as NF-κB and AP-1. In particular, NF-κB regulates the expression
of proinflammatory enzymes, cytokines, chemokines, immunore-
ceptors and CAMs as well as apoptosis; it has been often termed
a ‘central mediator of the immune response’ [50–52]. Because of
this key role, we suggest that collagen-PVP could be contribute
considerably to the anti-inflammatory effects observed through
the down-regulation of NF-κB. However, it is necessary to per-
form the appropriate experiments to explore this possibility.

In conclusion, we showed that polymerized collagen induced
a down-modulation but not an inhibition of inflammatory param-
eters in rheumatoid synovium. This effect probably allowed a
gradual and better recovery of synovial tissue homeostasis.
Future studies should focus in early RA and on other pro- and
anti-inflammatory cytokines, their receptors and the concomitant
estimation of cytokine inhibitors, and also analysis of specific pro-
teases that may be regulated by the biocompound, as well as on
the study of the molecular pathways of collagen-PVP effects on
the cell. Whether the anti-inflammatory features of collagen-PVP
will permit the utilization of this biodrug in the treatment of RA
is still unknown.
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